The total numbers (active + cystic) and the numbers of active amoebae in plots treated with complete minerals + ammonium sulphate and with farmyard manure were much higher than in the untreated plots. The complete minerals plot of Barnfield had a just significantly lower total count of amoebae than the farmyard manured plot, although no significant difference existed between the counts of active amoebae. The difference in the numbers of both the total and the active amoebae between the complete minerals and farmyard manure-treated plots on Broadbalk was not significant. No correlation was found between the percentage of organic carbon in the soils and the number of amoebae.
generally believed that the presence of plenty of organic matter in soil will favour an extensive development of bacteria and fungi, which in their turn will be accompanied by an abundant development of Protozoa and other predators. To test the validity of this belief about amoebae, counts of these organisms were made on nine occasions from three of the plots from Barnfield and on six occasions from similarly treated plots of Broadbalk, Rothamsted. This work was started by Mr A. V. Garcia who made the first three counts given in Table 2 . Methods
Twelve 4 in. borings were taken at intervals of about 2 yd. in a line across the plot and thoroughly mixed together to form a sample. The samples from the three plots were brought to the laboratory at the same time and passed through a 3mm. sieve. The numbers of amoebae were estimated by the dilution technique of Singh (1946) , eight replicate subsamples being tested from each dilution. Only cultures in which amoebae could be.seen by microscopic examination were considered positive.
Statistical analysis of the data
The analysis of the data in this paper is based on the theory developed by Fisher (cf. Introduction to Fisher & Yates (1947) and Appendix to Singh (1946) ). The theoretical standard error of each count of negative cultures is approximately 4 8 , and the distribution of the number of cultures may be taken as normal. Hence, ignoring the error due to soil sampling (see below), the 5 % significance level difference between two individual counts is eight cultures, Fertilizers and soil amoebae corresponding to approximately 100 yo difference in population estimates.
Since there was a different soil humidity on the different plots a correction was made for this. The estimates of population/g. were adjusted t o a dry-weight basis before analysis. The first Barnfield observation contained no measurement of soil moisture and so was rejected.
0

Count of amoebae from duplicate samples
Recently i t has been claimed by a few workers (see Harmsen, 1940; and references in James & Sutherland, 1942 ) that the method of soil sampling and the dilution technique used at Rothamsted and elsewhere for the plate count of bacteria in soil do not give reproducible results when several samples of a soil or different portions of a single soil sample are compared. This has led some to believe that the fluctuations in the numbers of bacteria in soil a t short intervals reported from Rothamsted are due to faulty technique and do not really occur in soils in their natural state. It is not intended to discuss the matter here, but it may be pointed out that a few of the classical fields of Rothamsted which have been investigated have given reproducible results in the count of Protozoa and bacteria when several soil samples or fractions of a single sample have been compared by the techniques used at Rothamsted. This may be due to an unusual homogeneity of the soils from the Rothamsted classical fields as a result of similar cultivation and treatrnents carried out over a very long period. It would be of great interest to compare a variety of different soils to find out whether the elaborate methods of sampling and dilution technique suggested by a few workers are necessary in quantitative studies on soil micro-organisms. It is hoped to follow up this line of investigation.
To test the accuracy of sampling in the count of amoebae by the dilution technique several counts of the total amoebae in duplicate samples were made from different plots of Barnfield and Broadbalk ( Table 1) . Two samples, A and €3, were taken at the same time on eight difl'erent dates and the number of amoebae determined. The differences between duplicate samples were not significant in any of the comparisons (cf. Singh (1946) for the standard error of such counts). The x2 test on these difl'erences reveals no more variation than may be expected from the dilution method.
Comparison of the numbers of amoebae in three different plots on Barnjield and on Broadbalk, Rothamsted
The three plots selected from Barnfield (permanent mangolds) were: plot 8.0, untreated; plot 1.0, receiving 14 tons of dung/acre/year; plot 4A, receiving a dressing of complete minerals (3+ cwt. of superphosphate, 500 lb. of potassium sulphate, 200 lb. of sodium chloride and 200 lb. of magnesium sulphate) and 412 lb. of ammoniurn sulphate/acre/year. These plots have been treated in the same way since 1876. Three similar plots were selected from Broadbalk (permanent wheat) : plot 3, untreated ; plot 2, receiving 14 tons of dung/acrc/year ; plot 7, receiving complete minerals (3+ cwt. of superphosphate, 2 cwt. potassium B. N . Sin& sulphate, 1 cwt. sodium sulphate and 1 cwt. magnesium sulphate), and 4 cwt. of ammonium sulphate/acre/year. Plot 3 has been unmanured since 1839.
Wheat has been grown continuously in each of the three plots since 1852, and the fertilizer treatments have been the same each year. Table 2 shows the results obtained from Barnfield plots. The total and the active counts of amoebae are very much Iower in the untreated plot than in either the farmyard manured or the complete minerals +ammonium sulphatc plots. Total counts (activefcystic amoebae) in the latter plots did not differ significantly from those in the farmyard-manured plot on any occasion. When the eight counts are taken together the farmyard-manured plot has about 30% higher count of amoebae, the difference being just significant a t the 5 yo level. The differences between counts of active amoebae in the minerals and farmyard-manured plots were not significant, with the exception of one observation. Table 3 shows the counts of amoebae taken on six occasions from the three corresponding plots of Broadbalk. Both the total and the active counts in the untreated plot are again very much lower than in the other two plots. The total counts in the farmyard-manured and complete-minerals plot did not differ significantly on five occasions, but on one occasion the farmyard plot had a significantly higher number. When all the counts are taken together, the farmyard plot has about 5 0 % higher total count, this difference not being statistically significant. Similarly, in the active counts there are no significant differences either on individual occasions or in the means of all the counts. The first observation contains no measurement of soil moisture and has been omitted in calculating the means. In general the results on Broadbalk confirmed those from Barnfield in spite of a much higher population in the former. The following conclusions may thus be drawn with some confidence. Although the percentage of organic carbon is roughly the same in the untreated and complete-minerals plots of Barnfield and Broadbalk, the number of amoebae in the untreated plots is much lowcr than in the complete-minerals plots. The differences in the total counts as between the complete-minerals plots and the farmyard-manured ones are not statistically significant in the Broadbalk observations, and just reach significance in the case of Barnfield, in spite of large differences in the organic matter contents between these two soils ( Table 4 ). The differences between counts of active amoebae are not significant. It is of interest that the yields of mangolds and wheat in the untreated plots are about one-third those of the farmyard manure or the complete-minerals plots, as are also the numbers of amoebae in these plots. No marked differences are found in the yields of the plots treated with farmyard manure or with complete minerals +ammonium sulphate. Thus the crop yields and the population of amoebae are correlated in both fields. It may be emphasized that the treatment of the soil with artificial fertilizers for a long time has had no detrimental effect on the amoebae, but has in fact much increased their numbers in comparison with those in the untreated plot.
DISCUSSION
It has been claimed by some earlier workers that the numbers of Protozoa, especially amoebae, in soil is insufficient to cause changes in the bacterial population. Daily estimates made by Cutler et al. (1922) over a period of' 365 days, however, indicated amoebae in numbers which, in view of their food requirements, must greatly affect bacterial nunibers. Indeed, these authors obtained evidence of an inverse relationship between the nuinbers of active amoebae and those of bacteria as shown by plate counts. Improved technique (Singh, 1946) has since shown that the numbers of amoebae were previously underestimated. Soil amoebae and other groups of niicropredators are selective in their bacterial food requirements on non-nutrient agar (Singh, 1941 (Singh, , 1942 (Singh, , 1945 (Singh, , 1946 (Singh, , 1947a (Singh, , b, c, 1948 . Differential feeding effects for certain strains of bacteria have also been shown to occur in sterilized soil both with true soil amoebae and with myxamoebae of Acrasieae (Singh, 1941, 1 9 4 7~) . This work suggests that the micropredators may also affect the quality of the bacterial population, or conversely that their numbers may be affected by the proportion of edible bacteria present in soil.
The present work shows that the differences in the numbers of active amoebae as between the complete minerals and the farmyard-manured plots of Barnfield and Broadbalk are not statistically significant. Parallel estimates, however (unpublished), have shown that the bacterial populations of farmyardmanured plots are higher than those in the complete-minerals plots, at least as estimated by plate counts. Thus it seems that some other factor, such as the quality of the bacterial flora, must account for the different relative effect of manurial treatment 011 bacteria and amoebae respectively. This work was made possible by a grant from the Agricultural Research Council to whom the author's thanks are due. I am very grateful to Mr A. V. Garcia (British Council Scholar at Rothamsted) for making the first three counts in Table 2 
